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1. 考查了不同吸附条件对 R08 吸附 SO2 的影响。实验表明，在吸附温度 50
℃，SO2 浓度为 1.675%，H2O 含量为 20%，空速为 2500 h-1 的条件下，R08 的穿
透时间为 30 min，饱和吸附量可达 76.6 mg/g。吸附剂有较好的再生性能，吸附
剂经多次再生后吸附量仍保持稳定，可以连续再生利用。 
2. 通过化学修饰、FTIR 和 XPS 表征对吸附机理进行了研究。研究表明干态
下 R08 对 SO2 吸附主要为物理吸附，当水蒸气存在时，吸附包括物理吸附和化
学吸附。SO2 吸附在 R08 细胞壁表面可形成三种物种，分别为物理吸附和弱化学
吸附 SO2、亚硫酸盐以及被还原成的硫化物。其中物理吸附和弱化学吸附的 SO2
可通过加热和抽真空脱附使吸附剂得到再生。R08 对 SO2 的吸附等温方程符合
Freundlich 模型。 
3. 通过将菌液固定在氧化铝上制备了 R08/Al2O3 吸附剂并对其吸附 SO2 的
性能进行了研究。研究表明在吸附温度 50℃，SO2 浓度为 1.041%，H2O 含量为
20%，空速为 5000 h-1 的条件下，饱和吸附量可达 50.1 mg/g，相当于 154.6 mg/g
菌粉。吸附剂有较好的再生性能，经多次再生后，吸附剂的吸附性能保持稳定，
吸附量保持在 105 mg/g 菌粉。R08/Al2O3 对 SO2 的吸附等温方程符合 Freundlich
模型。 
4. 通过用铜离子修饰 R08 菌粉并将其固定在氧化铝上制备了 bio-Cu 吸附
剂。FTIR 和 XPS 研究表明铜离子被菌粉还原成亚铜离子并络合在菌粉表面，而
亚铜离子也可通过 π络合吸附 SO2，这有利于吸附剂对 SO2 的弱吸附和吸附剂的


















SO2 emission from the combustion of fossil fuels is a major air pollutant and it 
has resulted in national and regional initiatives to reduce its emissions. Biosorption 
was introduced into flue gas desulfurization(FGD) process for the first time. R08 
biomass(Bacillus licheniformis) is used to remove sulfur dioxide in simulated flue gas 
atmosphere. In this paper, the adsorption and desorption properties of the R08 
biomass were discussed, furthermore the mechanisms between R08 and SO2 were 
studied and kinetic model and isothermal adsorption equation were presented. Then 
two immobilized biosorbents were prepared and its desulfurization abilitites were 
studied. The results are as follows: 
1. The effect of different adsorption conditions on removal of SO2 was 
investigated. The results showed that under the adsorption conditions of inlet 
concentration of SO2 1.675%, H2O 20%, GHSV 2500 h-1, temperature 50℃, the 
breakthrough time and adsorption capacity of R08 biomass were 30 min and 76.6 
mg/g respectively. The biomass adsorbent has a good regeneration ability, the 
adsorption capacity of R08 biomass still keeps stable after several adsorption- 
desorption cycles and it can be reused for many times. 
2. The adsorption mechanisms were studied by FTIR and XPS characterization. 
The results showed that only physical adsorption happened on the surface of R08 
biomass in absent of H2O, however both physical adsorption and chemical adsorption 
happened in the present of H2O and three sulfur species are formed in adsorption 
process, (1) some SO2 are weakly and physically adsorbed on the biomass, (2) some 
SO2 react with amido functional groups forming sulfite specie, (3) some SO2 are 
reduced into S2- by reducing group of the biomass. The weakly and physically 
adsorbed SO2 on the surface of the biomass can be easily desorbed by vacuum or 
















3. The R08/Al2O3 adsorbents were prepared by immobilizing R08 solution on 
alumina and its desulfurization property was studied. The results showed that under 
the adsorption conditions of inlet concentration of SO2 1.041%, H2O 20%, 
temperature 50℃, GHSV 5000 h-1, biomass loading 32.4%, the adsorption capacity 
was 50.1 mg/g adsorbent, equal to 154.6 mg/g biomass. The adsorbent has a good 
regeneration ability, the adsorption capacity keeps stable and reach to 105 mg/g 
biomass after several regeneration cycles. The isothermal adsorption equation can be 
described by Freudlich Model. 
4. The bio-Cu adsorbent was prepared by immobilizing chemically modified R08 
biomass with Cu2+ on alumina. FTIR and XPS results indicated that Cu2+ can be 
reduced into Cu+ by functional groups of biomass. Cu+ can also adsorb SO2 via π 
complexation which is favorable to weak SO2 adsorption and regeneration of 
adsorbent. Furthermore, R08 can prevent Cu+ to be oxidized in the present of H2O and 
O2 atmosphere which can keep the adsorbent stable. 





































二氧化硫的主要来源是化石燃料的燃烧，我国的能源结构中约有 70%的   
煤[1]。随着我国经济的快速发展，煤炭消耗量不断增加，二氧化硫排放量也日趋
增多。据统计，我国人为排入大气 SO2 的总量在 1995 年已达 2370 万吨，居世界
首位。随着燃煤量的不断增加，SO2 排放量也将继续攀升，若不采取有效的削减
措施，到 2020 年我国的 SO2 排放量将达到 3500 万吨[1]。 
表 1.1 全国近几年二氧化硫排放量[2] 
Table 1.1 The emission of SO2 in china over the recent years 
二氧化硫（万吨） 年度 
合计 工业 生活 
2002 1926.6 1562 365 
2003 2158.7 1791.4 367 
2004 2254.9 1891.4 364 
2005 2549.3 2168.4 381 
2006 2588.8 2237.6 351.2 






































































石灰法： OHCaSOOHCaOSO 2322 2/12/1 •→++            (1-1) 



































    除以上技术外，己开发的其他湿法技术还有许多，如氢氧化镁(氧化镁)法、
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